C
EREBROSPINAL fluid (CSF) fistulas in cases of missile wounds of the brain have long been recognized as serious complications, enhancing morbidity and mortality. 1,2 The incidence of infection is high in the presence of a fistula at the wound site, as it is with rhinorrhea and otorrhea, u Cerebrospinal fluid fistulas occur more readily in transventricular wounds. TM The drainage of CSF from the site of operative debridement is caused by failure to close the dura, or to achieve watertight closure primarily, or by graft. Rhinorrhea and otorrhea are caused by compound fractures of the base of the skull. In the past, these fractures have been considered to be direct fractures, due to primary injury of the anterior, middle, or posterior fossa. Johnson and Dutt 9 were the first to describe "discrete" fractures of the base of the skull, occurring at a distance from the entrance wound, and not in continuity with the fracture of the vault. The same fractures have been found in one-third of the fatal cases which Campbell and Kuhlenbeck' studied and which they aptly called "discontinuous" fractures. It is the purpose of this communication to evaluate the impact of CSF fistulas complicating missile wounds of the brain on morbidity and mortality, to examine their cause, and to delineate their surgical management.
Clinical Material and Methods
During the war in Vietnam, 1967 Vietnam, -1970 , a roster of 1250 head-injured men, 1133 of whom had sustained missile wounds of the brain, was developed by military surgeons. Through the completion of Registry Forms, subjects were selected for future study. The wounded men received definitive care within an average of 6 hours. The forms were completed by neurological sur-geons, providing uniformity of assessment of initial neurological status, wound description, extent of craniocerebral damage, and surgical procedures. All Military and Veterans Administration Hospital records, covering every admission from the day of wounding, were assembled by the Medical Follow-Up Agency of the National Research Council. These records, together with the Registry Forms, were reviewed by a team of neurological surgeons and medical neurologists, with the pertinent data being stored on magnetic tape for definitive analysis. This activity was conducted with the support of the National Institute of Neurological and Communicative Disorders and Stroke (NINCDS), from 1976 through 1979.
The present study is based on records of all 1133 men with missile wounds of the brain. A CSF fistula complicated the missile wound of 101 casualties, an incidence of 8.9%.
Summary of Cases
Of the 101 patients with missile wounds of the brain which were complicated by the development of a CSF fistula, 54 developed CSF drainage at the wound site, 30 presented with rhinorrhea, and 23 with otorrhea (Table 1) . Bullets caused the missile wounds in 26 patients, and fragments in 75 casualties (Table 2) . Sixteen cases with a CSF fistula could be documented as transventricular wounds; in an additional 12 cases, a transventricular wound could be surmised because of the topography of the missile track. Seventeen facioorbitocranial wounds were complicated by a CSF fistula; nine by rhinorrhea, seven by a fistula at the wound site, and one by otorrhea. In 19 cases, the missile had crossed the midline, lodging on the side opposite the wound of entrance; in 18, there was a through-and-through wound.
Twenty-three of the 101 men did not survive, a mortality rate of 22.8% (Table 3 ). The shortest survival was 7 days, the longest extended over a period of 6 years and 10 months. Follow-up studies of the 78 survivors cover an average of 4 years and 6 months. The shortest period of follow-up observations extended over 8 months, the longest over 10 years 2 months.
There was no resolution of the CSF leak in three patients who died without surgery. There was no resolution in 11 patients who died after having undergone secondary surgery. Each of these men underwent three, four, or five secondary operations. Spontaneous resolution took place after the initial surgery in 44 patients. Forty-nine men experienced resolution after undergoing secondary surgery for repair of the fistula. It required 117 operations to achieve closure of a fistula in 49 cases. A total of 37 operations were performed in nine fatal cases without achieving closure of the fistula.
Fifty of the 101 men developed infection, an incidence of 49.5%, while that incidence was only 4.6% among the remaining 1032 casualties without CSF Infection complicated the occurrence of a fistula within 1 week after wounding in 24 cases, within 2 weeks in 12, within 3 weeks in four, and within 7 to 9 weeks in two. Late recurrent infection was documented in five casualties. In one such instance, rhinorrhea developed within 1 week after wounding. Infection manifested itself 2 weeks later. Cerebrospinal fluid drainage ceased after the fourth attempt at closure. Cranioplasty was performed 8 months later. Infection recurred, necessitating removal of the plate. In a second case in which CSF drained from the wound within 1 week after the initial operation, meningitis and fungating cerebritis developed 2 weeks later. Cranioplasty was performed 1 year after wounding; however, the plate had to be removed because of recurrent infection.
Late infection has been documented in three cases. Two of these were complicated by a discontinuous fracture. A CSF fistula manifested itself in one of them 9 months after wounding. Despite repeated attempts at closure of the fistula, there was no resolution. This man died of meningitis 5 years after having been wounded.
Discussion
This large series of CSF fistulas associated with missile wounds of the brain affords an opportunity to study these complications as a separate entity. The excessive rate of infection associated with this group of cases in itself necessitates critical review of methods of surgical management and, in the case of basilar fractures, review of diagnostic measures. Johnson and Dutt's 9 discovery of discontinuous fractures has received scant attention in the literature. Our study shows that more than one-third of the basilar fractures, causing rhinorrhea or otorrhea in missile wounds of the brain, are discontinuous fractures.
Postoperative CSF Fistula at Wound site
Our present study of 54 vertex wounds associated with a postoperative CSF fistula includes 12 patients in whom the dura had been closed primarily, and 34 A. M. Meirowsky, et al. who underwent dural closure by graft. No attempt had been made to close the dura in six cases. In two, the mode of closure remained unknown. Thirty-one of the 54 patients developed infection, an incidence of 57.4% (Table 6 ). These statistics confirm the view that inadequate closure of dura and scalp is a frequent cause of failure to prevent infection. 22 Cairns, et al./believed that "if the discharge of CSF is more than fleeting there can be little doubt that the wound should be opened and debrided again." Most authors agree that watertight closure of the dura must be accomplished if major complications are to be forestalled. ,,8,n,~,lS,18,1s~~
More often than not, the occurrence of a vertex fistula can be prevented by radical debridement, tight closure of the dura primarily, or by graft, and by closure of the scalp in individual layers. When dealing with a documented or a suspected transventricular wound, repeated spinal taps during the immediate postoperative period lessen the danger of CSF escape through the freshly sutured wound, e,21 If a fistula should manifest itself in spite of these conservative measures, operative repair will have to be carried out without delay.
Compound Basilar Fractures with CSF Fistula
In their exhaustive study of dural lacerations over paranasal and petrous air sinuses, Johnson and Dutt ~ stress the danger of meningitis, aerocele, or abscess formation, which in the absence of operative interference "persists for years after the injury, if not indefinitely." Attributing frequent failures to inadequate repair, or inadequate exposure, they stress the fact that "many more failures have been due to no repair at all." Johnson and Dutt's experiences have been confirmed by other authors? ,~~ Twelve of the 30 patients from Vietnam who presented with rhinorrhea developed infection, an incidence of 41.4%; 11 of the 23 patients (47.8%) who presented with otorrhea became infected ( Table 7) .
Direct basilar skull fractures were responsible for the rhinorrhea in 21 cases, and for the otorrhea in 14 cases. A discontinuous fracture at the base of the skull, caused by a vertex wound, could be identified in nine cases with rhinorrhea and in nine with otorrhea, an incidence of 34% of the basilar fractures ( Table 7) . The following case illustrates the complex problems that may present themselves in the presence of a discontinuous fracture.
Case 0053. This 22-year-old Marine Corporal sustained a grenade wound on July 6, 1967, penetrating the left parietal region, and resulting in a right hemiparesis. A metallic foreign body had crossed the midline, lodging in the right frontal lobe. Five hours after he was wounded, a left parietal craniectomy was performed with radical debridement of the track to the midline. Postoperative recovery was satisfactory. Almost 2 years later, he suffered his first and only epileptic seizure. Within half a year he developed rhinorrhea. A month later, he was admitted to a Veterans Administration Hospital in coma with meningitis. Radiographs of the skull revealed pneumocephalus in the right frontal region. He was operated on by Dr. Charles Scibetta, who encountered a cerebral fungus that had penetrated through a defect in the floor of the right anterior fossa caused by a discontinuous fracture. Dr. Scibetta succeeded in resecting the fungus and effecting closure of the basilar dura by use of fascia lata. Postoperative recovery was uneventful (Fig. 1) .
Conclusions
Rhinorrhea and otorrhea can be resolved by prompt surgical repair of the dural laceration whenever the location, and the extent, of the basilar fracture can be identified. This does not pose a major problem in direct basilar fractures as they occur, for instance, in facio-orbitocranial wounds? ,5,1~ Intradural repair by graft has been the most effective surgical procedure for that purpose in our hands.
A discontinuous fracture, not uncommonly occurring in missile injuries crossing the midline, ~4' 17 may escape early diagnosis. Whenever rhinorrhea, or otorrhea, complicate a vertex wound, a discontinuous fracture should be suspected. Tomograms of the base of the skull will aid in the localization of these elusive fractures. Once recognized, formal craniotomy will facilitate repair of the dural laceration at the base of the skull, reducing the risk of infection.
